The structure of laminar diffusion flames is analyzed in the limiting case of large, although finite, reaction rates.
N O M E N C L A T U R E
The following is a list of the most important symbols used in this paper.
A"
Parameter given by [44] 8 C Characteristic thickness of the reaction zone given by [41] . 7j
Dimensionless distance normal to the mixing layer. 6
Non-dimensional temperature, 6 = (T -T 0 )/(T/>-T 0 ). 6" = E/R(T r -T 0 ). 'u u . H Viscosity coefficient. v Stoichiometric ratio species 2 to 1. 5
= T fl /(TV-T 0 ).

C = (T e -T 0 )/(T A -T 0 ). 1 = u Fl
Non-dimensional distance along the mixing layer, p Density, a Stress tensor.
SUBSCRIPTS:
1, 2, 3 Indicate fuel, oxidizer and products respectively. Indicates conditions at the flame surface for infinite reaction rates.
The asterisk is used for the non-dimensional variables introduced in section II. 6.
I. INTRODUCTION
Diffusion flames are obtained when the reacting species are initially separated. Combustion and mixing takes place simultaneously.
In these flames the reaction zone separates the two reacting species which diffuse, through inert gases and combustion products, from each side towards the flame.
The reacting species burn very rapidly as they reach the reaction zone; thereby the combustion velocity is generally conditioned to the accesibility of the species to the reaction zone; or in other words, to their facility to diffuse across the inert gases and combustion products.
Tt seems that we can arrive at a description of some of the most important features of diffusion flames by using the assumption, first introduced by Burke and Schumann (1) , of infinitely fast reaction rates. Then the actual zones of combustion become infinitely thin, and the mixing process alone becomes responsible for the rate of burning and for flame location and size.
Burke and Schumann have successfully used their assumption for the calculation of the shape and length of the laminar diffusion flame formed when a fuel jet discharges within a tube. In this tube an air stream moves with the same velocity as the fuel jet. The same assumption has been utilized by Hottel and Hawthorne (2) , Wohl, Gazley and Kapp (3), Yagi and Saji (4) , and Barr (5) , for the prediction of the length of open flames, both laminar and turbulent. Through rudimentary approximations they obtain an expression for the flame length containing an unknown function; this they determine empirically from the results of their experiments. Fay (6) has calculated, by using Burke Schumann assumption, the shape and characteristics of the laminar diffusion flame obtained when a fuel jet discharges into the open atmosphere.
The infinite reaction rate assumption has also been utilized (7). (8) for the study of diffusion flames in boundary layers.
In addition, an extensive literature exists on the application of the assumption to fuel droplet combustion.
The Hurke-Schumann assumption eliminates chemical kinetics from the process, simplifying the governing equations and their solution. However, this solution does not provide the criterion for the extinction of the flame, or for the validity of the assumption and solution.
Zeldovich (9) has taken into consideration the finite thickness of the reaction zone to explain the blowing-off phenomenon. Similar studies have been performed by Spalding (10), (11), (12) with the purpose of relating the fuel consumption rate per unit area at extinction and the fuel consumption rate per unit area in a premixed flame.
For a general description of the diffusion flames see, for example, the review papers by Barr (13) and Wohl and Shipmann (14) , where data and bibliography on the subject can be found.
We aim in this work to show the effects of finite chemical reaction rates on the structure of laminar diffusion flames. In order to do so, we will study certain limiting cases, in which simple analytical solutions can be obtained. We will limit ourselves to the study of one step chemical reactions in which the forward reaction is dominant.
We shall show that for large reaction rates the chemical reaction takes place only in a very thin region or «chemical boundary layer». This has already been shown (15) in the simple case of the mixing and combustion of two parallel streams of fuel and oxidizer moving with the same velocity. There convection effects may be neglected compared with the much more important diffusion conduction and chemical reaction effects. The governing equations reduce in this case to ordinary differential equations. The kinetics of the reaction appears in the solution; but the temperatures are close to the adiabatic flame temperature, and in this range of temperatures the concept of an overall kinetic scheme has been found by Levy and Weinberg (16) to be valid.
The solution with the assumption of infinite reaction rates (which we shall call the BurkeSchumann solution) represents the true solution outside of the reaction zone. Tt may also be used to calculate the flame position and fuel consumption per unit flame area. If the Reynolds number, based on some overall characteristic length, is large, mixing and combustion will take place only in a very thin region or mixing layer, where boundary layer approximations may be used (17), (18) 
OXIDIZER SIDE
FUEL MASS FRACTION DISTRIBUTION
Fiff. 1.-Diffusion Flame Structure.
A'
The mixing layer location and general flow characteristics outside of the mixing layer may be determined by using the inviscid flow equations. However, we must allow for the existence of discontinuities in the velocity, density, temperature, and mass fraction distributions within the flow field.
In Figure 1 the temperature and mass fraction distributions, as obtained by different limiting assumptions, are schematically represented.
II. GENERAL EQUATIONS
We shall begin by writing the general equations governing the steady laminar flow of a reaoting gas mixture (20), (21), (22) . We will use the assumption that the fluid may be considered as a continuous medium formed by a mixture of perfect gases. v Only three species will be considered: Fuel, oxidizer, and products. For the sake of simplicity, any inert species present will be considered as products.
Besides the usual dependent variables of ordinary fluid mechanics, i. e. velocity v, pressure p, density p, and temperature T, three new variables, the mass fractions of the reactant species, enter. Therefore, three new equations, stating the mass conservation law for each of the species, must be added to the fundamental equations of fluid mechanics. In addition, the relations between the transport parameters and mass fractions, temperature, and pressure of the mixture will be required.
We shall use subscript 1 for fuel, 2 for oxidizer, and 3 for the products. The mass fractions of species i will be written The three mass fractions obviously satisfy the relation
[1]
II.1. Equation of State.
If the fluid is considered as a mixture of perfect gases the equation of state is as follows
where H is the universal constant of the gases, and
is the mean molecular mass. In order to simplify the calculations we will use a mean constant value for M. This approximation is justified when the molecular masses of the species are not very different or when the reactants are very dilute. Then M^M 3 ,
In any case the results will not be essentially changed by considering M as variable.
II.2. Equation of Continuity for the Mixture.
This simply states the law of mass conservation
II.3. Equations of Mass Conservation for the Species.
These state that the mass quantity of each constituent entering unit volume per unit time, either due to convection or diffusion, equals the mass quantity of the constituent disappearing as a consequence of the chemical reaction.
These equations are as follows
where v cli is the diffusion velocity of species i, and w f is the mass production rate per unit volume of species i. We consider a one step chemical reaction in which the forward reaction is dominant, the backward reaction being negligible. For an Arrhenius type reaction with second order chemical kinetics, we may write
where E is the activation energy of the reaction and b is the frequency factor. Also if v is the stoichiometric ratio oxidizer-fuel
We shall use relation [6a] through most of this study. The extension to more general reaction rates of the form
is easily made.
• The diffusion velooities depend on pressure, temperature and species concentration gradients. Usually the pressure gradient effect on diffusion velocities is small compared to those due to mass fraction gradients. This is specially true when mixing takes place in thin mixing regions and boundary layers. Thermal diffusion will be neglected because diffusion velocities due to gradients of temperature are generally a small fraction of the velocities due to concentration gradients.
If the molecular masses of the species are approximately equal we may use Eick's law for the determination of v (H . K i ; rfi = -DVK, ; [8] where D is an average diffusion coefficient.
If the concentration of one of the species is small, Eick's law is valid for the other two species. This always happens in diffusion flames where oxidizer concentration, for example, is very small in the reaction zone, or in the fluid side of the flame. Then we may use Fick's law for fuel and oxidizer with the diffusion coefficients determined by the binary mixtures: fuel-products and oxidizer-products respectively. In this study we will use a single average diffusion coefficient D.
Inserting
IT.4. Momentum equation.
Where a is the stress tensor
We neglect the diffusion stress tensor. Gravity forces will also be neglected for simplicity, although they can only be neglected for large Froude numbers and this is not always the case in diffusion flames.
II.5. Energy Equation.
If the specific heats e pi of the species are assumed to be equal and constant the energy equation may be written In addition we must include the appropriate boundary conditions. Without losing much generality we can state as boundary conditions for the temperature and mas fractions that they be constants at some surfaces or zones of the flow field.
For example, on some surface or region at the fuel side of the flame -the fuel exit -
on some surface or region far from the flame on the oxidizer side of the flame.
II.6. Dimensionless Form of the Equations.
Let us introduce the following non-dimensional variables 05 = LX* " v = \Jv* " p = Pop* " P = Po^2P* c p |x 0 pD 1
Re is the non-dimensional Reynolds number, and Sc is the Schmidt number that will be assumed to be constant and equal to the Prandtl number. Subscripts 0 and ¥ will indicate boundary conditions far from the flame, on the oxidizer and fuel side of the flame respectively.
The characteristic length L and velocity U are some overall characteristic magnitudes.
In terms of these non-dimensional variables the governing equations take the form. By choosing appropriately the characteristic magnitudes, the non-dimensional factors and terms in equation [14] should be of order unity except, at most, at regions such as boundary layers, shock waves, free mixing layers. In these regions the functions v, K ; , T or tlieir derivatives may change very rapidly. If such layers do not exist, or in any other region, the relative importance of the different terms in equations [14] is measured by the values of the non-dimensional parameters
This is not exactly true for the term (L/XJt c ) (w,-/p*) because of the large variations of (w ; /p)* with temperature and mass fractions.
From equations [6b] and [9] we deduce «*.r*( that when solved with the boundary conditions [12] gives
Solution [20] is independent of the chemical kinetics. There are cases, however, in which the boundary conditions as given in [12] are not known «a priori* because they depend on the chemical kinetics. For example, in the case of a fuel droplet burning in an oxidizing medium, the oxidizer mass fraction at the droplet surface (which is zero for infinite or very large reaction rates) may build up to some unknown value when the reaction rate becomes low.
III.2. Burke-Schumann
Solution.
For the study of diffusion flames, Burke and Schumann introduced the assumption that the region where wjp is different from zero is infinitely thin, and K t = 0 on one side of the flame, and K 2 = 0 on the other.
This should be true when L/U£ c is very large. If both Kj and K, were different from zero in a region where the temperature is not low compared with T/-, then (wjp)* would be of order unity and the term [L/U t c ](w t jr>)* would be very large compared with , if we allow for discontinuities in the mass and temperature distributions at the zero thickness flame.
In the flame the equations of conservation of mass and energy indicate that, 1) fuel and oxidizer diffuse towards the flame in stoichiometric proportions; 2) that the heat leaving the (*) K 10 and K aF must be zero if L/U t c~* cc . flame due to conduction equals the heat released by the reacting species when reaching the flame. That is <?K, _ <?K,
where djdn l and d/dn 2 indicate derivatives normal to the flame surface toward the fuel and oxidizer sides respectively. They must be evaluated at the flame. The temperature, mass fractions, and therefore the density and velocity, are continuous functions at the flame. For this reason, mass and heat transport by convection is not taken into account when writing the conservation equations through the flame.
By solving the system of equations [21] , with boundary conditions [12] and [22], we obtain the Burke-Schumann velocity, mass fractions, and temperature distributions.
In particular, let By writing K 2 = 0 on the fuel side of the flame surface and 1^ = 0 on the oxidizer side, we obtain the temperature and mass fraction distributions.
Tt is interesting to point out that the Burke-Schumann solution satisfies the complete system of equations [14] and also its boundary conditions. This solution is not the correct one, only because the first derivatives of the temperature and mass fraction distributions have discontinuous first derivatives within the flow field.
Solutions [25] , for which the reaction zone has zero thickness, will be a very good approximation in the case of large but finite L/U£ c . This will be especially true outside of the reaction zone.
Equations [16] and [18] , in particular, should remain practically unchanged. This is exactly right when mixing and reaction takes place in constant pressure regions and boundary layers if p;i is assumed to be constant. In such cases equations [16] and [18] as well as the boundary conditions (for large L/Ui c ), will be independent of the reaction rates. The same will happen then to their solution.
Summing up: If the reaction rate is sufficiently large the reaction zone will be very thin compared with any other important length (as for example, the width of the mixing region). Then, in order to obtain the velocity, temperature and mass fraction distributions outside of the reaction zone, i. e., for the study of the external structure of the diffusion flame, we may use the assumption of infinite reaction rates.
IV.
STRUCTURE OF THE REACTION ZONE IV. 1. The «Chemical Boundary Layer».
The fact that in the limiting case of infinite reaction rates the thickness of the reaction zone is zero, and that the first derivatives of K ; and T normal to the flame are discontinuous there, suggests that for large, although finite, L/U^:
a) The thickness of the reaction zone will be small. b) The diffusion terms
will balance the ^chemical production terms wjp, these terms being very large compared with all the other terms of the equations. (Here d/dn indicates differentiation normal to the flame). In other words, for large values of the chemical reaction rates the reaction zone will be a very thin region or «chemical boundary layer». There, due to the rapidly varying gradients of temperature and mass fractions normal to the flame, mass diffusion and heat conduction normal to the flame constitute the only transport mechanism required to balance the chemical production terms. Transport by diffusion or conduction in other directions or convection may be neglected within the reaction zone.
In order to show this, let us assume that we know the Burke-Schumann solution [25] . Hence, we know the flame surface location for infinite L/U£ c , and therefore the approximate location of the flame region for large L/U£ c .
For simplicity we will limit ourselves to the two-dimensional case. The results, however, are completely general. We shall write the equations of motion, and mass and energy conservation equations in a curvilinear system of coordinates. In this system, see Fig. 1, x will be the distance measured along the flame surface, as determined by the Burke-Schumann solution. The distance normal to this surface will be indicated by y; u and v will be the velocity components in the x and y directions; 1/K is the radius of curvature of the flame at point x. Limiting ourselves to a region where Ky is small compared with 1 the line element has components (1 ~{~Ky)dx and dy, and the equations are as follows:
Continuity for the mixture 
Now let L and U be overall characteristic length and velocity. Let 8 C and 8 (H be the thicknesses of the reaction zone and of the mixing region respectively. We could show that for low Reynolds number, §,"~L, while 8, H~| D 0 L/U for large Reynolds numbers.
The mass fractions just at the outer edge of the reaction zone will be of order 5 r /8, H . The same order of magnitude will be valid inside of the reaction zone.
Let us now introduce the non-dimensional variables as/L, g//5 c , K,-8 H ,/8 C , (wjp) tf c (3",/8 c ) 2 , by stretching the coordinates, mass fractions and reaction rates, so as to make the non-dimensional factors and terms of order unity within the reaction zone. For the remaining variables we may use the same non-dimensional variables used in section II.
We will write the governing equations in terms of these non-dimensional variables. Now, if the terms accounting for the conduction and diffusion normal to the flame are going to be of the order of the chemical production term, 8{? ~ 8 JH D 0 t c .
Tf we now take, in the energy and diffusion equations, the limit 3 c /8 IH^> -(), most of the terms in these equations drop out. We are left with the following differential equations: Hence we may assume, when writing the equation of state, that the pressure is constant across the reaction region and equal to the value obtained at the flame with the Rurke-Schumann assumption.
Therefore in addition to the above equations for K,, K,, and T we have the equation
or we may use the general expression [7] for w 1 as is done in appendix A.
No derivatives with respect to x appear in system [26] to [29] . Therefore these equations may be solved as ordinary differential equations in which x stands as a parameter.
As boundary conditions we will write that when y-> + oc the temperature and mass fraction distributions coincide with those obtained by assuming the reaction rate to be infinite. where 6 0 = c p T 0 /q and 6 n = Ec p /R</ is the non-dimensional activation energy of the reaction. By solving equation [36] with the boundary conditions K 2 = 0 for y^-*oo and K 1 = 0 for y t -^ -x, we obtain the temperature distribution within the reaction zone.
IV.2. The Solution of the
If the reaction rate is sufficiently large, the temperature will not deviate appreciably, within the reaction zone, from its limiting value (when t c^0 ) 6 = 1 at y, = 0. Relation [45] shows that deviations of the temperature from its asymptotic Burke-Schumann value 6 C = 1 depend on the parameter A 0 . This parameter incorporates both the chemical kinetic parameters (through the value of the characteristic chemical time t c ) and the fluid mechanical parameters (through the mixing time
The obvious result is that the deviations of the temperature and mass fractions from their limiting asymptotic values increase with decreasing values of the ratio t w /t c . Now t m is inversely proportional to the fuel rate of supply to the flame m. Hence we deduce that by increasing the fuel rate of supply, the flame temperature will decrease.
The initial fuel and oxidizer mass fractions influence the results through the factor T/* 3 that appears in [44] . By diluting the fuel or the oxidizer we get larger deviations from the Burke-Schumann result. Relation [46] indicates that the thickness of the reaction region decreases with increasing values of the mass rate of fuel supply.
For this chemical boundary layer scheme to be valid 3 c /8", must be small compared to unity, hence the same criterion may be used for the validity of the Burke-Schumann assumption and solution, and for the validity of the chemical boundary layer solution.
Obviously, the most important characteristics of the chemical boundary layer solution and those of the Burke-Schumann solution coincide. For example, flame location and the quantity of fuel burning per unit flame area are the same in both solutions. The chemical boundary layer solution, however, gives a finite thickness for the reaction zone, and a small correction to the temperature and mass fraction distributions. This correction can be evaluated very easily and accurately in terms of the chemical kinetic parameters of the reaction. So, the chemical boundary layer solution can be of help for the study of chemical kinetics by means of experimentation in diffusion flames (12), (23).
The parameter A", that measures the deviations from the infinite reaction rate solution, may be used for the determination of an extinction criterion. This is supported by the following reasons: a) Due to the'high values of the activation energy of many of the chemical reactions, the chemical production term is very sensitive to temperature variations. This accounts for the fact that flame extinction occurs in a rather sharply defined way. This may also be due to the existence of some ignition temperature for the reaction.
b) The concept of an overall reaction rate is not in general valid through a large temperature range. Then, the idea of solving the complete exact equations, for obtaining an «exact» extinction criterion, loses part of its interest if use has to be made of some assumed overall reaction rate expression throughout the whole temperature range.
c) The chemical boundary layer solution, although it cannot explain extinction except in a qualitative way, can provide a criterion for extinction not to occur if the overall reaction rate is known to be valid in a given temperature range.
Whenever the parameter A 0 is sufficiently low as to make T c -<0.8T/-(and this occurs for r roughly, A o <;80), the thickness of the reaction region begins to be'comparable with the thickness of the mixing region. Then the rate of fuel consumption begins to diminish and hence T c will begin to decrease even faster with decreasing A 0 .
Therefore, A 0 ~-80 may be used as an approximate extinction criterion as well as a criterion for the validity of the Burke-Schumann solution.
We have seen that A 0 ~ p^ D 0 jm 2 t r . Now, this same parameter appears in the theory of premixed laminar flames. There it takes a value of the order of 100, that depends on the initial mass fractions and energy of activation of the reaction (24), when m is substituted by the fuel consumption rate G per unit area. Therefore an «approximate» relation may be established (9), (10) The chemical boundary layer equations, governing the temperature and mass fraction distributions within the reaction zone, have been solved in the most general case. However, for the detailed evaluation of the solution we must know some parameters appearing there. They include the mass rate m of fuel consumption per unit flame surface, and the ideal flame location.
In order to evaluate these parameters as well as the mass fraction and temperature distributions outside of the reaction zone, the Burke-Schumann solution must be obtained first.
As mentioned in the introduction this solution has been obtained in some particular cases. Unfortunately, even when using the Burke-Schumann assumption of infinite reaction rates, the resulting system of equations [21] and boundary conditions [12] and [22] is so complicated that only a few approximate solutions exist. Marble and Adamson (17) have pointed out that a number of important combustion problems may be investigated analytically with the help of boundary layer approximations. Most of the solutions so far obtained make use of these approximations. These may be used whenever the Reynolds number, based on some overall dimension of the flow field, is sufficiently large.
We will show here that, by using some additional assumptions, a fairly simple solution of the Burke-Schumann mixing problem is obtained.
If in system [21] we take the limit Re -oc, we obtain the following system of differential equations, that we shall write in dimensional form:
The boundary conditions [22] cannot be retained because, in the process of taking the limit Re -oo, we dropped the higher derivatives in the equations.
However the boundary conditions [12] can be satisfied if we allow for the existence of discontinuities in temperature, mass fractions, density, and velocity at some stream surface. The position of this surface is determined by requiring that all the boundary conditions [12] be satisfied.
If we consider only low Mach number flows, then:
1) The density, temperature and mass fractions will be constant, although possibly with different values, on each side of the discontinuity surface. See Fig. 1 .
2) Equations [47] reduce to the system
and tangential discontinuities of v are allowed for at some surface, so as to satisfy the required boundary conditions on v. The pressure must, of course, be continuous at the surface.
As an example, the solution of this problem for the low speed source flow is presented in Appendix C.
V.2. Mixing Layer Equations.
For large but finite Re, the ideal discontinuity surface is substituted by a thin mixing layer with the same approximate location. Although the discontinuities in the temperature, mass fractions, etc., no longer exist, the derivatives of these variables normal to the mixing layer will be very large compared to the derivatives in the surface direction:
In order to study the structure of the mixing region, we will write the system [21] in boundary layer coordinates. Then we can obtain the mixing layer equations by using the well known boundary layer limiting process.
Limiting ourselves to the two-dimensional or axially-symmetric low Mach number flow cases, we will write these equations in the form given by Lees (25) . By introducing the stream function T such that
The continuity equation is automatically satisfied. Let
where the primes denote differentiation with respect to r ( . We will assume p|i = p 0 |i 0 . Then the mixing layer equations take the form
Where t = 1, 3: j = 2 on the fuel side of the flame, and i = 2, 3; i=l on the other side. The t.i.d.S's in the right hand side of the equations indicate terms involving derivatives with respect to £.
As boundarv conditions we may write
Where YJ/(£) gives the ideal flame position. Tn addition ) [53b]
For the solution of the above mixing problem a third boundary condition for f is required. This should be derived from the compatibility condition of the higher order As the boundary conditions are independent of £, the functions /', K^ and T would be functions only of YJ, and similarity would exist, if the presure gradient parameter (2 Sj/w 0 ) du 0 /d^ were constant.
This occurs at the stagnation point where the parameter has the values 1/2, for the axially-symmetric case, and 1 for the two-dimensional one.
Similarity also exists in the constant pressure case corresponding to the mixing of two parallel streams. In this case the pressure gradient term is obviously zero. The local similarity approximation may be used when (2£/u 0 ) du Q jdt is a slowly varying function of £. Then we may neglect the t.i.d.~'s in the right hand side of equation [52] . The resulting system of differential equations may then be integrated as a system of ordinary differential equations.
It is interesting to point out that the factor [T/T 0 -(f) 2 ] in the pressure gradient term approaches zero at both edges of the mixing layer. The neglect of the pressure gradient term is similar to the neglect of free convection in diffusion flames.
The pressure gradient term is neglected, without much justification, by Spalding when studying the opposed jet diffusion flame (12).
If our main purpose is assessing the effects of chemical kinetics in diffusion flames, only an approximate analytical solution of the equations is required.
This may be obtained easily if we neglect the pressure gradient term in the momentum equation [52] . Then it reduces to the Blassius equation
with the boundary conditions
An approximate analytical solution of this equation is given in Appendix B. The first approximation is
From equations [52] we deduce the following system of equations
And the boundary conditions at r if are satisfied identically. The flame surface is located at the point r,==r (/ where
and
The parameter A," measuring the deviations from the Burke-Schumann solution, can now be evaluated. Also the temperature and mass fraction distributions outside of the reaction zone may be obtained from [57] and [58] by putting 1^ = 0 for y]^>r if and K 2 = 0 for vj<yj r .
In the particular case >-=l, we get f' = l, and the equations may be solved even for Pr=M-We obtain VI. RESUME Experiments (2) and the success of the existing theories on laminar diffusion flames have clearly shown that, in those cases where a stable laminar diffusion flame has been obtained, the Burke-Schumann assumption (infinitely fast reaction rate) applies. However, the Burke-Schumann solution is independent of chemical kinetics, and does not give any criterion either for flame extinction or for the validity of the solution.
The fact that in this solution the flame thickness is zero suggests that in practical cases the reaction zone must be of negligible thickness, making it possible to obtain a solution of the boundary layer type including the effects of chemical kinetics.
At each side of the extremely thin reaction zone, chemical reaction effects are neglected as compared with convection, conduction, and diffusion effects. The reaction zone reduces to a flame front of negligible thickness, which acts as a sink for the reactants and as a source for the heat and products evolved in the chemical reaction. The location of the flame front, rate of burning, and temperature and concentration distributions in the exterior of the reaction zone are determined by using the Burke-Schumann assumption.
In order to analzye the structure of the burning zone we may neglect in it convection effects as compared with conduction, diffusion and chemical reaction effects. The equations governing this chemical boundary layer are ordinary differential equations with boundary conditions determined by the Burke-Schumann solution. Temperatures there are close to the adiabatic flame temperature, and then an overall kinetic scheme applies.
The criteria for extinction of the flame and for the validity of Burke-Schumann assumption approximately coincide, and may be obtained by solving, once the Burke-Schumann solution is known, the chemical boundary layer equations. This solution also provides the temperature and concentration distributions in the reaction zone.
If our main purpose is the evaluation of the chemical kinetic effects in diffusion flames an approximate solution of the Burke-Schumann mixing problem will be sufficient. This we may obtain easily for large Reynolds numbers by using well known boundary layer approximations.
